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ABSTRACT

For the purpose of evaluating the resisiance of materials to the
thermal -sdiation of atowic explosions, the critical thermal emergies
cf wood and fibre board packaging materials submitted by toe Bureaun
of Supplies and Acconnts were determined by exposing the materials |
to the Material Laboratory carboa-arc source of thermal radiation and
examining the consequent damage. I{ was found that imitial eifects
occur on woods in the range betweer 3.6 and 8.8 cal/cm® and on fibre
boards between 5.1 and 6.3 cal/cm® xken the radiation is applied at a
rate of 8s cal/cs® sec.: Temporary flaming occurred at radiant ex-
‘posures between 6.5 and 13 cal/cm® for the woods and hetween 8 and
13 cal/cs® for the fibreboards; on the other hand, flame propagation
was ‘not observed for radiant exposures up to 107 cal/cm®. Of the
fibre boards evaluated, the laminated boards offer higher resistance
to thermal radiation than the corrugated boards.:
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CONPIDRNT]
Lab. Projec: 3036-3, Part 25
Final Report

Ref:  {2) CGaNYKNAVSHIPYD ltr C-399/Ls, Ser C-960-92, of 14 Mar i9s0
i%) BUSHIFS restr spdltr, Sg99-(0}(348), Ser 338-75, of 6 Apr 1950

Bacl: (1) Critical Thermal Energies of Wood Materials Expssed to Thermal
Radiation
{23} Critical Thermal Buerpies of Fibreboard Materials Exposed to
Thermal Radiation

AUTHORITY

1. Thie investipation is part of tie program proposed by reference (al
and formaliy atihorized by velerence (b!, The general Thermal Radiation
program is under tke supervision of the Armer Forces Special Weapons Project.

INTROOUCTION

3. As part of its geilerz! program on the effects of the therma. radiation
of atomic explosivas on materials, the Material Lavnratory is evaluoating
the characteristics nnder exposure to thermal radiation of the varicus
‘naterials wedcr L3 cogaizauce rf tie several ageucies of tpe Department

of Defease. As data become availabie, itdesz fiasdings are pabliched. In
this report,. the critical thermal energies of packaging materials submitted
by the Bureau of Supplies an¢ Accounts of the Navy Departmeat ire indicated.
The meterials avaluated includesd wooss and .fibrebopfds.:

EQLIPNENT AND WETHODS OF EXPOSURE

3. ‘The critical thermal energies of the packaging materials were deteramined
‘by ¢zposing them to the Material Laberatory carboh-arc source of thermal
radiation, The source consists of an 11-mm,  carboz arc mounted at the focus
0! 2 mirror which <ullimates the ~ai<ted emergy; a gccoad mirror, which is
mounted éoaxially at a distance of 2 Zeet ‘rom tne collimatrcr, condenses
the radiation to the mirro:’s focus, Gradations of thermal damage are
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cbtained by varying the effcctive exposure time through accelerating a
1xR-inch sample which moves traasversely through the focus., The rate of
application of energy was 8z:cal/cm? sec over a ceniral target area, 2 mm
wlide,

3. 1he degree ard extsnl of tuermal damage was determined b; visual cb-
se-vation of the materials following exposure.

RFESULTS

S.  The zriticai therwal energies of ite woods ind fibreboards were de-
fined as those which prciuce certain clharacteristic, reproducible effects
on the materizls scch as scorching, charring, and destruncrion. The
critical thermal emergies zr¢ liste! in encleszres (1) ani {3]).

6. It may te noted th=t rthe Tabora.ory exposures have beer prodaced

uader highly controlled corditiors and, as a rule, give? results which can
‘be renrotuced very well, [owever. for several reascns the data of
eaclusmayes (i) amd {2} ~ast be used witn cazion. The effacts to be
observed ot materizl samples frenueatly resmain uachanged over a considerable
reage «f expnsures.: Sin & the sorfac® effects are not sufficieatly

gradated for refined evaluaiionz, orly the initial ctages have been rscorded.
The effects op material surfaces are iinfluenced hy such factors as moux::iag,
geometry of material and of exposure, weathering, and the msisture content
at vie tine of sxposure. Diiferences in density, arsorptivitz. zaemical
compositiva 2ed particle size are responsible for variaticn: in eflects
which may be observed from arra to area on the same material. Liquids

and yases form doring exposure to thermal radiationm, even in a period of
less than one secosd, thereby affecting the amount of thermal radiation
incident on aad absorbed by tbe surface.
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8.

Althoush flamiz g was cohbsesved dering the LY“OSUrQQ, a propagating flama
83t neted, even at ihe maxiwmum radiant exposura of 107 cal/an

SUMMARY

0

~
-

The resulis of ““1s inves-igation may be summarized as fcl lows

. A. ‘Upnﬂ axposure to the carbon=aic. scugce of ihe wal rad1a?10n the

fibre-boaxds suffer initial hxfects of scor aing at radiant exﬂosures
rana1ng from 5.1 to 5.2 callcm?, and the woods at'*ad1ant exposures
ranging from 3.6 to 8.8 cal/cm®.

b. Under thp same coaditions th“ fibre-boards flare at radiant exposures
*'aciﬂp from ¢.8 to 13 cal/cm2 and the woods at values ranging from
6.5 to 13 cz2l/cm?, depending upon the tyve subritted.  On the other:
hand, nons ¢of the materials ind LaLEd a propagat1ng flare or coniinued

- to born after the exposure. kg o S ) P

.  Nome of the mutvr1ala @Fre destroyed cown’ate;y, but the outer &
of the fibreboards were destrcyed at radiant exposures ranging from
2010 99 callen?, aereﬂu1ng apon the sperlfic boards evaluated.

G.. The difference in resisizanie to thermal rad1at;on b@tnebq the
laminated and the corrugated fibreboards is.marked; the citer lagers
of the two laminated boards were des;royed at 20 &Ld zq.callcmz,
while those of the two corrugated bopards were desiroyed at 35 and

a9 caliep®. e : | 3 : e

CONFIDENTIAL |

o

e

e 2 - iy
... S S SR A e eths oo

4 it s

AN 4 W BETL, /s w0
L .

2

»

rar;

. A

et
1

P A e e 0 L

J R TR



!

it

CCNFIDEN TIAL
Lab. Project 5046-3, Part 25
I'inal Report

s

BiBLICSRAPHY

Material Laboratory, New York Naval Shipvard. Detgrmination of Intensity
Distribution at the Focus of & Parabolic Mirror ani the Energy Density on

lduly, 29g4c).

Effects on Specimens Exposed at 2Zi¥ini.
(March, 19z0!. :

) ‘2 Moviro Sucface Using a Tusgsger Lamp Source. Report No. so46, Part ¥

Material lLaboratory, New York Navai Sh:pyard. Evaluation of Thermal

ieport No. 5046, Part VII -

Hatericl Laboratory, New York Naval Shipyard. A Method of Measuring High
Intensitiec =t the Pocus of a Parabolic Reflector with Large Aperture.

NP NS ) Gy W S eI ] TP

Sonh: 3, Bt 3, {duly ’951)

Eeport No. zog6, Part [II (November, 15481).

: _Mmtar‘al *“bsrttory, Mew Yu*k haval Shlpyard. Critical Thermal Esergies
; ',*o‘h{*g Material: Submitted “zlthe . S Marine Corps. Report No.

~Approved:

.The Director

el

CONFIDENTIAL

oA 8 i1 R 27

il

oFin

PR ok B s i A A

YR

W VT e

s s oy bapsy

4




L o S —— AR N TN O U NSRS, TR SUrTTRE-T YRR e Ty T R e SR T S TR AT T T T |

-~
v
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Final Rerort
Kaclosure (1)

Critical Thersa)l Energles of Wood M2ierials

Submittec 3y The Bureau c¢f Supplies and Accorunts

G E.
vo. Matarial Dascription of Effects {cal/c-z)
l Wood, Azh Flrst grain chars 5.6
flames duriny ex~~sure ti- 13
Second grain che 4 8
3 ] Wood, Bass thrring -5
YTames during exposcre 8,1
Wood, Cedar Cﬁarr?ng . G.7
i Flames Juring exposure 6.5
3 Wood, Fir First grain chars §.8
Second arain chara ]
Flames dering exposures Ji-13
L} Plywood, Fir First grain chars 3.8
Second grain chars, flames
ring exposure 11-13
5 Wood. Oak First srain chars 4.
Secend §r-in ghars, flames ‘
during axposure ll-l}gﬂ .
Y4coo, Nedwood Flrst grain chars 4.0
Second graln chars, flames
dering exposure 6.8
& ¥ood, Ssruce First grain chars €.l
¢ grain chars, flawmes
‘ irring exporere °.3
7. Wood. Sugar Pine Vifos QFE&IR cadre - Y
3scond graln chars. flax=:
ring exposere 11-43
8 Wood, Vel!aw Pine]l WNrst graln chars §.0
Flames during exposure =13
Second grain chars 9
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Eaclosure (2)

Critical Thercal Energies of Fiter Eoards

Submittad 8y The Bursau of Supplies and Acciunts

sog6~3. Part as

. c.E.
r0. Material Description of Effect (cal/cn®)
{ Fiber Board Scorching .2
JAX-P- 08, hqr éso rst, ‘l:aesldurlng sxpoture 1-13
syer desir
g:rsing :Aterlaf e;oosed
and me!te 20
2 Fiber Board, V8S Scorch!n ‘EZ;
JAR-P-108. B.T. 375 P31, h:u’gu;inae:)tz:ga:re 2i8
r r Y
%dlnq therlal exposed
and melted 28
3 | Fiber Board, VSC Scorching 5.8
e L R E @
84’*“ tZd inner iayer
royed 79
¥ Fiber Qoard, WSS, Scorct ing 5.5
JAI-P-!OQ.r b. 7. 200 P8t ﬁml;u;:ngeszgg;:;e gﬁc
r
g :d inner layer
m royed 59
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